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Non-linear analysis methods have been increasingly reported as a way of characterising Alzheimer’s 
disease (AD) using electroencephalograms (EEG), which could allow for earlier, more accurate 
detection. In this pilot study, multiscale Quadratic Sample Entropy (MSQSE) is used to investigate this 
possibility. 
 
International 10-20 system EEGs were recorded from 11 patients and 11 age-matched controls 
(72.5±8.3 and 72.8±6.1 years respectively, mean±SD) in an awake but resting state. Artefact free 5s 
epochs were identified and further filtered. MSQSE was calculated with vector lengths m=1 and 2, 
matching tolerance r=0.1, 0.15, 0.2 and 0.25 x SD of the time series, and graining to τ =12, where 
graining is the averaging of successive non-overlapping windows of data of length τ. This method, 
which plots entropy against τ, allows for a number of comparative measures to be calculated from the 
results. The area under each MSQSE curve, gradients at small (1-5) and large (6-12) τ and the entropy 
at each τ were compared. Accuracy, the percentage of correctly classified subjects, of statistically 
significant measures (Student's t test, p<0.01) was investigated using Receiver Operating Characteristic 
(ROC) curves. 
 
All methods and all variable combinations showed a greater number of τ with reduced entropy for 
patients, demonstrating a decreased complexity in their EEGs. Results for two electrodes are shown in 
figure 1. Area showed significant differences with 77.3% accuracy for P3 when m=1 and r=0.1 and 
0.15. Small τ gradients showed no significant differences. Gradients at large τ showed significant 
differences in 68 of 128 combinations, with electrodes T4, C3 and C4 showing no significance, and a 
maximum accuracy of 95.5% at O1 for m=2 and r=0.2 and 0.25.  Entropy at each τ shows differences 
in P3, P4, O1 and O2 for small τ (up to 5) and F4 for large τ (11 and 12). T5 also showed some 
significance at high τ (11 and 12). The maximum accuracy is at τ=4 with 86.4%.  
 
 
Figure 1: An example of an electrode showing statistically significant differences (P3) and not showing 
statistically significant differences (T3) for MSQSE when m=1 and r=0.1 
 
To conclude, large τ gradients identify the most differences, but all methods showing significant 
differences highlighted differing τ, showing merit for these methods and the usefulness of calculating 
all τ. However τ modifies the data to an extent that data from each τ cannot be equally compared to 
data from another τ. 
